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© A method of operating a communications system, a communications system and a secondary 
station for use in the system. 



© A communications system, such as DECT, com- 
prises a plurality of geographically separate primary 
(or fixed) stations (PS) and a plurality of secondary 
(or portable) stations (SS) which are able to roam 
relative to the primary stations. Communication be- 
tween the primary and secondary stations is by way 
of any one of a plurality of TDD radio channels. A 
primary station when idle transmits an idle beacon 
signal onto which an idle primary station can lock by 
scanning the radio channels. However a secondary 
station which has roamed out of coverage range of 
the primary stations can save battery power by 
progressively increasing to a maximum time value 
the time interval between successive scans. 
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The present invention relates to a method of 
operating a communications system in which sec- 
ondary stations are able to roam in and out of 
respective radio coverage areas of a plurality of 
fixedly sited primary stations, such stations regu- 
larly transmitting idle beacon signals which are 
detectable by in range secondary stations operat- 
ing in an idle locked state. 

The present invention also relates to such a 
communications system and to a secondary station 
for use in the communications system. 

For convenience of description the present in- 
vention will be described with reference to DECT 
(Digital European Cordless Telecommunications) 
system which comprises a plurality of time division 
duplex frequency channels which are accessed us- 
ing a time division multiple access (TMDA) pro- 
tocol. More particularly DECT comprises, for voice 
communication, one or more geographically sepa- 
rated primary or fixed base stations each having 
radio transceiving means defining a cell and a 
connection for example by landline to the PSTN, 
and one or more secondary or transportable, for 
example hand portable stations having radio tran- 
sceiving means which are able to communicate by 
way of a radio link with an in-range primary station. 
The European Telecommunications Standards In- 
stitute (ETSI) currently proposes DECT shall have 
ten radio carrier channels and each channel is 
divided into frames of 10 milliseconds duration. 
Each frame is divided into 24 equal time slots (or 
physical channels) which comprise 12 time division 
duplex (TDD) channels termed duplex voice chan- 
nels. The TDD arrangement is such that the nth 
and the (n + 12)th time slots, where n is an integer 
between 1 and 12, are the forward and reverse 
physical channels constituting the duplex voice 
channel. Each pair of physical channels is capable 
of carrying one duplex digitised speech conversa- 
tion or data at a rate of 1.152Mbits/sec. 

In setting up a voice call between a primary 
and a secondary station, a duplex voice channel is 
assigned to the transaction. The assignment of the 
duplex voice channel in any one of the radio carrier 
channels is by the method of dynamic channel 
allocation whereby a secondary station taking into 
account its radio environment as determined by 
monitoring the average interference in each of the 
120 pairs of physical channels negotiates with the 
primary station for access to the best duplex voice 
channel currently available under the control of the 
primary station. 

Currently the DECT specification requires base 
stations to continue transmissions on their last ac- 
tive forward physical channel to provide the system 
functions of broadcasting the basic system infor- 
mation, base station identity, and a frequency and 
frame timing reference. For convenience of de- 



scription such transmissions will be called "normal 
idle beacon" transmissions. A secondary station in 
range of the primary station can remain tuned to 
the active forward physical channel but can power 

5 down. However the secondary station is woken-up 
for one frame (10 ms) in every 16 frames (or 160 
ms) in order to be capable of receiving any paging 
transmissions addressed to it. Also ideally the sec- 
ondary station checks every 2 to 5 seconds that it 

w is correctly tuned to, and in synchronism with, the 
strongest or best primary station. A reason given 
for having these normal idle beacon transmissions 
is that it will save power at the secondary stations. 
However when a secondary station wishes to make 

w a call it must be able to scan rapidly the physical 
channels to obtain the best channel and then es- 
tablish frame and slot synchronisation using the 
normal idle beacon transmissions. 

When a secondary station leaves its cell it may 

20 continuously scan all the duplex voice channels for 
another suitable primary station's idle beacon 
transmission. This continuous scanning by the sec- 
ondary station consumes battery power which is 
wasted if the secondary station has moved out of 

25 the system's coverage area for a long period. One 
option to save battery power is to switch off the 
secondary station but in order to do that the user 
must have realised that he is outside the coverage 
area. Also the user has to remember to switch on 

30 the secondary station when coming into range of a 
primary station to enable it to scan all the channels. 

An object of the present invention is to reduce 
the current consumed by a secondary station when 
out of the coverage area of a primary station. 

35 According to a first aspect of the present in- 
vention there is provided a method of operating a 
communications system comprising at least one 
primary station having radio transceiving means 
and at least one secondary station having radio 

40 transceiving means, the or each secondary station 
being able to roam into and out of radio range of 
the or each primary station, wherein the primary 
and secondary stations are able to communicate 
with each other on any one of a plurality of chan- 

45 nels, the or each primary station during idle 
periods transmits an idle beacon signal onto which 
an in-range secondary station can lock and wherein 
whenever a secondary station loses lock it scans 
the plurality of channels searching for an accept- 
so able idle beacon signal, characterised in that the 
frequency at which an out of range secondary 
station rescans the plurality of channels varies with 
the increase in time from when the secondary 
station was last in lock. 

55 By progressively lengthening the secondary 
station's scan cycle once a communication sys- 
tem's coverage area has been left, battery power 
can be saved. In one practical example, it was 
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shown that the standby current of an idle secon- 
dary station was, after 20 minutes, reduced to 4 
per cent of that which would have occurred had the 
normal idle transmission search been followed. 

The progressive lengthening of the secondary 
station's scan cycle can be made adaptive on the 
basis that the longer a secondary station has been 
out of a primary station's coverage area the longer 
it is likely to remain so. 

According to a second aspect of the present 
invention there is provided a communications sys- 
tem comprising at least one primary station and at 
least one secondary station which is able to roam 
relative to the or each primary station, each said 
primary and secondary station comprising radio 
transceiving means capable of transmitting on one 
of a plurality of channels, the or each primary 
station being capable of transmitting an idle beacon 
signal when not communicating with the or a sec- 
ondary station, the or each secondary station being 
capable of scanning the plurality channels and 
locking onto an idle beacon signal, characterised in 
that the or a secondary station includes control 
means which, in response to the secondary station 
being unable to lock onto an idle beacon signal, 
varies the frequency at which the plurality of chan- 
nels are scanned with respect to the increase in 
time from when the secondary station was last in 
lock. 

According to a third aspect of the present 
invention there is provided a secondary station for 
carrying out the method in accordance with the first 
aspect of the present invention, the secondary sta- 
tion comprising radio transceiving means for com- 
municating with a primary station, control means 
which in response to the secondary station losing 
lock with an idle beacon transmission from a pri- 
mary station, causes the transceiving means to 
scan other radio channels, characterised in that the 
control means varies the frequency at which the 
radio channels are rescanned with respect to the 
increase in time from when the secondary station 
was last in lock. 

The present invention will now be described, 
by way of example, with reference to the accom- 
panying drawings, wherein: 

Figure 1 illustrates diagrammatically a digital 

cordless telephone system, 

Figure 2 is a diagram showing the DECT frame 

structure imposed on a carrier channel, 

Figure 3 is a flow chart of an algorithm for 

implementing the method in accordance with the 

present invention, and 

Figure 4 is a block schematic diagram of a 
secondary station suitable for use in the system 
shown in Figure 1. 

In the drawings the same reference numbers 
have been used to indicate corresponding features. 



The digital cordless telephone system shown in 
Figure 1 comprises three geographically separated 
primary or fixed base stations PS1 , PS2 and PS3. 
Each of the primary stations includes radio tran- 
5 sceiving means, transmissions from which are re- 
ceivable over respective areas termed cells C1, C2 
and C3, the totality of which comprise a coverage 
area CA. 

In Figure 1 the cells C1, C2, C3 have been 

w shown as regular hexagons but in reality the 
shapes of these cells are determined by the topol- 
ogy of the terrain and the nature of the local 
environment. As a result the boundaries of adjacent 
cells may be irregular and may overlap. 

75 Each of the primary stations is connected by 
way of a respective wideband landline link 10, 11 
and 12 capable of carrying multiple digitised 
speech conversations or data at a rate of say 1 .1 52 
Mbits/sec. to a cordless telephone system control- 

20 ler 14. The system controller 14 is, in the illustrated 
embodiment, connected to the public switched 
telephone network PSTN. 

The system further comprises a large plurality 
of transportable, for example hand portable, secon- 

25 dary stations SS1 to SS5 which are able to roam 
into and out of the coverage area CA. Each secon- 
dary station includes radio transceiving means 
which is used for digital time division duplex 
speech communication with the primary station. 

30 Referring to Figure 2, the carrier channel is 
divided in the time domain into 10ms frames. Each 
frame is divided into 24 time slots or physical 
channels of which the first twelve F1 to F12 are 
allocated for transmission in a forward direction, 

35 that is from a primary station to a secondary sta- 
tion, and the second twelve R1 to R12 are al- 
located for transmission in the reverse direction. 
The forward and reverse physical channels are 
twinned, that is, the correspondingly numbered for- 

40 ward and reverse physical channels, for example 
F4, R4, comprise a twin which hereinafter will be 
referred to as a duplex voice channel. In setting-up 
a call between a primary and a secondary station, 
a duplex voice channel is assigned to the transac- 
ts tion. The assignment of the duplex voice channel in 
any one of the carrier channels is by the method of 
dynamic channel allocation whereby a secondary 
station taking account of its radio environment ne- 
gotiates with the primary station for access to the 

50 best duplex voice channel currently available under 
the control of the primary station. In DECT there 
are 1 0 carrier channels which means that they can 
provide 120 duplex voice channels altogether. The 
duplex voice channels are reusable if the calls 

55 using the same duplex voice channel are suffi- 
ciently far apart that they do not interfere with each 
other. 

The basic protocol for a transmission which is 
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to be initiated by a secondary station SS is for it to 
listen to all the reverse physical channels in each 
of the carrier channels and ascertain which reverse 
physical channels are busy and idle and the rela- 
tive signal quality in these reverse physical chan- 
nels and from the information derived the secon- 
dary station determines what it believes is the best 
duplex voice channel and transmits in its reverse 
physical channel to a particular primary station PS. 
Signalling details in the message together with 
other details in the initial transmission are decoded 
and passed to the system controller 14 which sets- 
up the fixed network connection. The primary sta- 
tion confirms that the particular duplex voice chan- 
nel has been assigned to the transaction. 

In the forward direction, the primary stations 
send paging messages to the addressed secon- 
dary stations in, say, every sixteenth frame. Such 
an arrangement enables the secondary stations to 
"sleep" during at least the intervening fifteen 
frames thereby economising on power. An ad- 
dressed secondary station in response to a paging 
request addressed to it will transmit on the reverse 
physical channel of the best duplex voice channel 
which has been determined in advance by a pro- 
cess termed idle beacon monitoring. 

Also during idle periods the primary station is 
required by the DECT system specification to con- 
tinue transmissions in the forward physical channel 
of its last active duplex voice channel in what will 
be termed its normal idle beacon mode. The in- 
formation transmitted includes basic system infor- 
mation including the base station identity and fre- 
quency and frame timing reference. Such system 
information is required by a secondary station 
when wishing to initiate a call. 

When a secondary station such as station SS5 
roams outside the coverage area it has been ac- 
cepted practice that it will continuously scan all the 
duplex voice channels for another suitable base 
station's beacon transmission. This continuous 
scanning wastes battery power as the secondary 
station may be out of range of a primary station for 
long periods. In accordance with the method of the 
present invention a secondary station after failing to 
detect a beacon transmission by searching for a 
paging transmission once in every 16 frames en- 
ters an adaptive battery economising regime in 
which the secondary station scans the duplex voice 
channels less and less frequently until a fixed, long 
scan cycle is reached. 

The control of the adaptive scan cycle is ex- 
ercised by a control element 45 (Figure 4) in the 
secondary station. Figure 3 is a flow chart of one 
example of a suitable algorithm. In Figure 3 the 
block 20 represents an idle-locked condition in 
which the secondary station powers up once in 
every 1 6 frames to monitor the paging messages. 



In this state the secondary station is within range of 
a primary station which for convenience will be 
termed its domestic primary station. As the signal 
quality from the domestic primary station is good, 

5 the secondary station has no need to scan for a 
better duplex voice channel. 

If when in this mode, the paging messages 
disappear, then the secondary station immediately 
scans the duplex voice channels seeking beacon 

w signais and assuming that it locates a channel, it 
enters a new idle-locked state and the algorithm 
returns via a line 21 to the idle-locked state, block 
20. 

However if no beacon signals and/or calls are 

15 detected then the secondary station enters the first 
state of an adaptive scan cycle which state is 
indicated by the block 22. In this first state, the 
secondary station is powered up to scan all the 
duplex voice channels and then powers-down for 2 

20 seconds before repeating the scan. This continues 
for an overall period of 2 minutes. If a usable 
beacon signal is detected, then the secondary sta- 
tion locks to that channel and enters a new idle- 
locked state and the algorithm reverts to block 20 

25 via the line 23. 

If a usable channel is not found the algorithm 
enters a second state, block 24, in which the sec- 
ondary station makes one scan through all the 
duplex voice channels every 10 seconds for a 

30 maximum of 6 minutes. If a usable beacon signal is 
detected, then the secondary station locks to that 
channel and enters a new idle-locked state and the 
algorithm reverts to the block 20 via the line 25. 
In the case of a usable channel not being 

35 found, the algorithm enters a third state, block 26, 
in which the secondary station makes one scan 
through all the duplex voice channels every 20 
seconds for a maximum of 10 minutes. If a useful 
beacon signal is detected than the secondary sta- 

40 tion enters a new idle-locked state on that channel 
and the algorithm reverts to the block 20 via the 
line 27. 

The algorithm enters a fourth state, block 28, in 
response to a usable channel not being found. In 
45 the fourth state, the secondary station makes one 
scan of all the duplex voice channels every 3 
minutes. This scan cycle continues indefinitely until 
either a beacon signal is detected in which case 
the secondary station assumes an idle-locked con- 
50 dition, block 20, or the secondary station is de- 
energised by it being switched-off or the batteries 
going flat, which state is indicated by the block 30. 

A simulation of this algorithm has shown that a 
secondary station outside a coverage area will, 
55 after 20 minutes, have consumed 4% of the current 
which would have been used if the secondary 
station had remained in idle-locked state repre- 
sented by the block 20. The algorithm described is 
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based on the principle that the longer a secondary 
station has been out of the coverage area CA 
(Figure 1) the longer it is likely to remain so. 
Naturally the rescan intervals denoted by the four 
states 22,24,26 and 28 can be varied to suit a 
particular application. Also the rescan intervals can 
be chosen to suit a particular user as it has no 
effect on the operation of the primary stations. If 
desired the control element in the secondary sta- 
tion may be programmed to build statistics of the 
system and how often the user moves outside the 
coverage area CA (Figure 1) and may determine 
the rescan interval accordingly. 

When a secondary station re-enters an idle- 
locked state after having been outside the cov- 
erage area there will be a delay of the order of one 
and a half minutes so that an acceptable primary 
station can be located. 

Figure 4 is a block schematic diagram of a 
secondary station SS suitable for implementing the 
method and system in accordance with the present 
invention. The secondary station SS comprises a 
transmitter 34 connected to an antenna 36 which is 
also connected to a receiver 38. A demultiplexer 40 
is included in the received signal circuit to distin- 
guish a digitised speech signal from other data 
signals. 

A microphone 41 is connected to a CODEC 42 
which includes storage for the digitised speech. 
The CODEC 42 operates at 32kbits/sec. The 
CODEC 42 is connected to a data 
compressor/expander 44 which compresses the 
digitised speech into bursts having a data rate of 
the speech at 1.152Mbits/sec. A control element 45 
is provided which controls the operation and inter- 
nal organisation of the secondary station and which 
has a store 46 connected to it for storing amongst 
other things details of the usage and quality of all 
the duplex voice channels. At the occurrence of a 
reverse time slot or physical channel in the best 
available duplex voice channel, as decided by the 
control element 45, a burst of compressed digitised 
speech is then relayed by way of a change-over 
switch 43 to the transmitter 34 whose frequency 
channel has been predetermined by the control 
element 45 applying control signals to a local os- 
cillator 35 as part of the choice of the best avail- 
able duplex voice channel. 

The received digitised speech in the forward 
time slot or physical channel is relayed by way of a 
change-over switch 47 to the data 
compressor/expander 44 in which it is expanded to 
digitised speech having a data rate of 32kbits/sec. 
and passed to the CODEC 40 and then to a loud- 
speaker or other audio transducer 48. 

A keypad 50 is connected to the control ele- 
ment 45, for keying-in data such as a called party's 
telephone number. The control element 45 causes 



the keyed-in data to be displayed on a display 
device 52. The control element 45 also adds the 
necessary signalling to the keyed-in data which is 
conveyed by way of a change-over switch 54 to 

5 the transmitter 34. 

The switches 43, 47 and 54 are controlled by 
the control element 45. 

Assuming that the secondary station is operat- 
ing in a normal idle beacon mode, at least its 

w transmitter 34 and receiver 38 are powered down. 
At least the receiver is woken up by instructions 
generated by the control element 45 to listen for 
paging signals every 160ms and to listen for fre- 
quency and framing information once in every 2 to 

75 5 seconds. Such signals and information are de- 
tected by the demultiplexer 40 which signals the 
presence of data signals to the control element 45 
which in response thereto changes over the switch- 
es 43, 47 and 54. The signal and/or information is 

20 decoded in a MODEM 56 and the message in- 
formation is supplied to the control element 45. 

The control element 45 contains the algorithm 
for adaptively rescanning the duplex voice chan- 
nels in the event of the secondary station roaming 

25 outside the coverage area CA (Figure 1 ). 

For convenience of description, the present 
invention has been described with reference to 
DECT. However, the method in accordance with 
the present invention may be used in other suitable 

30 systems. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 
the art. Such modifications may involve other fea- 
tures which are already known in the design, manu- 

35 facture and use of digital cordless telephone sys- 
tems and devices and component parts thereof and 
which may be used instead of or in addition to 
features already described herein. Although claims 
have been formulated in this application to particu- 

40 lar combinations of features, it should be under- 
stood that the scope of the disclosure of the 
present combination of features disclosed herein 
either explicitly or implicitly or any generalisation 
thereof, whether or not it relates to the same inven- 
ts tion as presently claimed in any claim and whether 
or not it mitigates any or all of the same technical 
problems as does the present invention. The ap- 
plicants hereby give notice that new claims may be 
formulated to such features and/or combinations of 

50 such features during the prosecution of the present 
application or of any further application derived 
therefrom. 

Claims 

1. A method of operating a communications sys- 
tem comprising at least one primary station 
having radio transceiving means and at least 
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one secondary station having radio transceiv- 
ing means, the or each secondary station be- 
ing able to roam into and out of radio range of 
the or each primary station, wherein the pri- 
mary and secondary stations are able to com- 5 
municate with each other on any one of a 
plurality of channels, the or each primary sta- 
tion during idle periods transmits an idle bea- 
con signal onto which an in-range secondary 
station can lock and wherein whenever a sec- w 
ondary station loses lock it scans the plurality 
of channels searching for an acceptable idle 
beacon signal, characterised in that the fre- 
quency at which an out of range secondary 
station rescans the plurality of channels varies 75 
with the increase in time from when the secon- 
dary station was last in lock. 

2. A method as claimed in claim 1, characterised 

in that the frequency of rescanning decreases 20 
in time with respect to the increase in time 
since the secondary station was last in lock 
with an idle beacon signal. 

3. A method as claimed in claim 2, characterised 25 
in that the frequency of rescanning is de- 
creased in steps. 

4. A method as claimed in claim 2, characterised 

in that the frequency of rescanning is de- 30 
creased over a plurality of predetermined 
steps and in that the last of the predetermined 
steps is maintained until either an idle beacon 
signal is located or the secondary station is 
de-energised. 35 

5. A method as claimed in claim 1, characterised 
in that the frequency of rescanning is adaptive 
to the statistics of the system. 

6. A communications system comprising at least 
one primary station and at least one secondary 
station which is able to roam relative to the or 
each primary station, each said primary and 
secondary station comprising radio transceiv- 45 
ing means capable of transmitting on one of a 
plurality of channels, the or each primary sta- 
tion being capable of transmitting an idle bea- 
con signal when not communicating with the or 

a secondary station, the or each secondary 50 
station being capable of scanning the plurality 
channels and locking onto an idle beacon sig- 
nal, characterised in that the or a secondary 
station includes control means which, in re- 
sponse to the secondary station being unable 55 
to lock onto an idle beacon signal, varies the 
frequency at which the plurality of channels 
are scanned with respect to the increase in 



time from when the secondary station was last 
in lock. 

7. A system as claimed in claim 6, characterised 
in that the control means decreases the fre- 
quency of rescanning in steps to a predeter- 
mined maximum value. 

8. A secondary station for carrying out the meth- 
od as claimed in claim 1, comprising radio 
transceiving means for communicating with a 
primary station, control means which in re- 
sponse to the secondary station losing lock 
with an idle beacon transmission from a pri- 
mary station, causes the transceiving means to 
scan other radio channels, characterised in that 
the control means varies the frequency at 
which the radio channels are rescanned with 
respect to the increase in time from when the 
secondary station was last in lock. 

9. A secondary station as claimed in claim 8, 
characterised in that the control means de- 
creases the frequency of rescanning in steps 
to a predetermined maximum value. 



EP 0 490 441 A2 




EP 0 490 441 A2 



NORMAL IDLE 
SCAN 



-20 



FIRST SCAN 
SEQLUENCE 



SECOND SCAN 
SEQLUENCE 



THIRD SCAN 
SEQUENCE 



FOURTH SCAN 
SEQUENCE ■ 



SECONDARY 
STATION OFF.' 



-22 



-24 



.26 



• 28 



■30 



FIG.3 



EP 0 490 441 A2 




FIG.4 



